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Description 

The present invention relates to new f ucans endowed with anticoagulant, antithrontoinic and antithrombotic activity, 
their manufacturing process from brown algae or Phaeophycee. and their relevant formulations for parenteral, oral and 
5 topical use. 

It has been known for several years that fucans extracted from brown algae are endowed of anticoagulant activity 
(Springer G.F. et Alii "Isolation of anticoagulant fractions from crude fucoidin" Proc. Soc. Exp. Biol. Med. 1957 94 404- 
9). The knowledge in this technical field has afforded to understand some aspects of the relationship between the struc- 
ture and pharmacological activity of these substances. It has been established that anticoagulant activity is directly 

70 dependent on the sulfate content, and that besides it increases with decreasing uronic acid content (T.Nishino et Alii 
-Isolation, purification and characterization of fucose-containing sulfated polysaccharides from the brown seaweed 
Ecklonia kurome and their blood-anticoagulant activities. Cart^ohyd. Res. 186, 1 19 1989; H. Mori et Alii "Sugar constit- 
uents of some sulfated polysaccharides from the sporophyils of wakame (Undaria pinnatif ida) and tiieir bfologlcal activ- 
ities" Mar. Algae Pharm. Sci. 2.109 1982). Furthermore it has been found that both the coagulation time APTT and the 

15 thrombin time TT increase in fucan fractions with molecular weight between 1 0000 and 50000 Da (Nishino et Alii "The 
relationship between the molecular weight and the anticoagulant activity of two types of fucan sulfates from the brown 
seaweeds Ecklonia kurome -Agr.Biol.Chem. 55.791 1991). Other authors (V. Grauffel et Alii "New natural polysaccha- 
rides with potent antithrombotic activity: fucans from brown algae" Biomaterials 10 363 1989) have pointed out that for 
fucan preparations obtained from A. nodosum. R canaliculata e F. vesiculosus tiie here above reported range Is wider 

20 and extends from 18000 to 80000 Da. The latter compounds evidenced besides an antitiirombinic activity (expressed 
in thrombin international units/mg of the compound) that depended on the molecular weight in the same way as antico- 
agulant activity. Hence tiie teachings of this art for both the pharmacological properties of fucans and the relationship 
between their structure and thereof pharmacological activrties. indicate that the most active preparations are found 
among those having molecular weights lower than 80.000 Da. that have besides an high sulfur content. From this it can 

25 be understood the potential therapeutic interest of said fucans. For what concerns in particular their manufacturing 
processes in the literature of the field many have been descrtoed. which substantially correspond to two different 
approaches. In the one most followed, on the raw extract are performed subsequent fractionation steps, each exploiting 
a different physical property of said fucan polymers. The fractionation techniques usually employed are gel filtration, ion 
exchange chromatography, fractional precipitation effected by means of quaternary ammonium surfactants, or by addl- 

30 tion of water-misdble organic solvents, such as ethanol or acetone. The second approach relies on methods of lowering 
molecular weight applied to high molecular weight fucans. i.e. substances more homogeneous from a chemical point 
of view than the raw extracts formeriy hereabbve mentioned. For what concerns the first approach H must be added that 
in the literature of the field it has been often observed tiiat the number of steps required increases in a direct relation 
witfi the amount of pharmacological activity ought to be present in tiie final product. Suitable examples of this are pro- 

35 vided by the two papers here below resumed. In S. Mauray et Alii "Venous antithrombotic and anticoagulant activities 
of a fucoidan fraction" Thromb. and Haemost. 74(5) 1280 1995. rt was described a fucan isolated from Ascophyllum 
nodosum characterized as it follows from a chemical and physico chemical point: average molecular weight 20,000 Da. 
fucose 48.6%. uronic acids 5.8%. sulfur 9%. On tiie basis of the references therein given the relevant manufacturing 
process consisted off the following steps: (a) extraction In an aqueous media of tiie vegetal material (b) fractionation by 

40 means of quaternary ammonium salts (c) fractionation through column exclusion chromatography. The conpound so 
obtained induced a significant lengthening of time both In APTT and TT tests, starting from a dose of 20 mcg/ml. In 
order to obtain the same APTT and TT values with heparin were required quantities by weight of said fucans amounting 
at 30-40 times ttiat used for heparin. Besides this, by inspecting the values of ED50 obtained in the thrombosis experi- 
mental model therein described it is drawn that the activity of said compounds was ttie same of that given by a quantity 

45 by weight of heparin 17times tower. Inthepaperof TNishihoet AliiCart^ohyd. Res. 186 (1989) 119(seeabove) It was 
described a manufecturing process consisting of the following steps: (a) extraction in boiling water of the dried and 
grounded powder of Ecklonia kurome, (b) precipitation with cetylpyridinium chloride and dissolution of tiie precipitate In 
4 M NaO. (c) precipitation by addition of ethanol and dissolution in water, (d) precipitation by means off calcium chloride, 
recovery of the supernatant and lyophilization. (e) ion exchange column fractionation and recovery of the fractions 

so eluted by applying to the bed resin. 0.95 M NaCI and. respectively. 2 M NaCI solutions, (ff) ffractional precipitation per- 
fomied on the collected solutions by addition off ethanol containing calcium acetate, (g) gel ffiKration chromatography. 
The two fucan preparations were characterised, respectively, by the following physico chemical and chemical parame- 
ters: molecular weight 32.000 and 21.000 Da. sulfur 14.6 and 13.3%. fucose 50.1 and 49.5%. uronic acids 1.5 and 
3.9%. specific - rotation - 142* and - 129**. APTT and TT activrties of said compounds evidenced an opposite trend. 

55 APTT titres. expressed in units/mg taking as the reference standard an heparin preparation assayed at 167 I.U./mg. 
were found to be 136 and 142 and hence quite near to the standard. TT titre was instead very tow, anrraunting respec- 
tively at 13 and 1 1 l.U./mg. Said otherwise, said compounds are very active in inhibiting the global mechanism off coag- 
ulation, but scarcely effective in inhibiting tiirombin, which is the enzyme involved in the last step of coagulation. For that 
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it concerns the depolymerization methods, the European patent n.403.377 discloses nnethods for lowering moleciriar 
weight of fucans wherein as starting materials are employed fucans wfth an high sulfur ""terA The latter compourete 
are prepared by extracting the dried and grounded podwer of seaweeds in addic conditions (HCI 0.01 N) in the pres- 
ence of calcium chloride. The supernatant from the extraction is then neutralized and the solute recovered bV Precipi- 
tation with cetylpyridinium chloride. Depolymerization can be effected by chemical methods, by submrtting the high 
molecular weight compounds to acidic conditions (1 N sulphuric acid) at a temperature of 45»C. or otherwise by means 
of specific enzymes contained in the raw extracts from Haliotis tuberculata or Aplysia californica. or alterratrvely by 
gamma radiation using an overall dose of 1 1 .5 Mrads. The compound obtained at the end undergo a gel filtration step 
in order to isolate the fraction having a molecular weight comprised between 13 and 23 KDa and a sulfur content from 
7.8 to 1 1%. It can be drawn that the products of the invention must have a sulfur content higher in a percentage com- 
prised between 2 and 20% than that of the starting fucan. 

Rom the pharmacologic tests described in the European patent it is drawn that APTT titre (or Kaolin - cephaHn 
time) IS very low since it is below 7 1.U./mg. From the tables of the description it is elicited that in order to obtain approx- 
imately the same thrombin time of heparin it is requested a quantity of fucan at least 15 times higher than that of the 
reference standaid. Still about fucan depolymerization in another paper pubTished in this field (S.Colliec et Ah. Antico- 
agulant properties of a fucoidan fraction Thromb. Res. 64 143 1991) are given the results obtained m APTT and TT 
tests performed on a fucan preparation having an average molecular weight of 20.000. obtained by depolymenraton in 
acidic conditions with the subsequent fractionation step performed as thaught in the aforesaid European patent. It is fur- 
ther referred that in order to obtain in said tests the same activity of heparin it was needed a quantity by weight of fucan 
SO times Wgher. In the pap er of A.Nardelta et Alii "Antjooagui ant t«w molecular weight fucans produced by radical ptQg- 
ess and ion exchange chro matography of high molecular w^ fucans extracted from the brown seaweed Ascog^- 

. i»c..^ -rartv^hyH R»« 289 /i99 6^ 201-208. it is described a radica Lde polymerization proce^. performed . in tt |e 

presen ce of hydrogen pe roxide and cupric salts a t a tempera ture SfWc for 5 h ours, of two high molecular weigtat- 
■ t,caDS.therein referred to as F1 and 1^2. having the following analytical data and phamiacological activities: preparaton 
F1 • sulfur 8 1% fucose 31 .3%. urontc adds S.7% molecular weight 556.000 Da. APTT activity 9.1 I.U/mg; preparaton 
F2- sulfur 5.7%. fucose 35.8%. uronic adds 11.6%. molecular weight516.000 Da. APTT activity 12.1 'UVnig^Th® 
depdymerized product obtained from F1. identified in the paper as (^Fpwas characterized as it follows: suHur a2%^ 
fuo^e 36.4%. uronic acids 2.6%. molecular weight 8.300 Da. APTT activity 8.2 I.Uimg. The depolymerized product 
obtained from F2 @) had a sulfur content of 9.3%. fucose 32.2%. uronic acids 6.5%. molecular weight 7.800 Da. 

APTT activity 7.3 1.U7mg. . . . . , ,„4„«Ktoin 

From the prior art that hereabove it has summarized, the following condusions can be drawn. Iii order to obtein 
fucan preparations of low molecular weight and high APTT activity, that could be useful as inhibitors of the «>agulaton 
cascade, the teachings of T Nishino et Alii (see above) should be followed but thereof disdosed process for isdatng 
said compounds is of little use for an industrial application. However it consists of several fractionation stepsjOn ttie 
other end H low molecular weight fucan preparations endowed with an higher thrombin inhibiting acbvrty or antrtWom- 
binic activity fTT test) are requested, it is preferable to choose the depdymerization methods disdosed in the European 
patent n. 403.377. However, as H has been evidenced. APTT activity of the thereto obtained substance is qurte low. 

As a consequence of the above it is drawn that in the field of this art it remains still unsdved the problem of making 
available low molecular weight fucans to be used as anticoagulants, which show APTT and antithronibin activities more 
balanced between them and at the same time more comparable to those of hepann. ou— 

A first object of the present invention is the low mdecular weight fucans obtainable by brown algae or Phaeophy- 
cee. endowed of a significant anticoagulant activity both as APTT activity/gtobal mechanisnri of coagulaton andasanft- 
thrombinic activity, and besides of a significant antithrombotic adivity. charaderized by the fdlowing c']'f''^P»^ys'~: 
chemical and pharmacological parameters (data on a dry weight basis): sulfur 12.5 - ^^•1"^'^ ^^-^^^ 
acids 2 -9%. molecular weight 14.000 - 29.000 Da. spedfic rotation from -137- to 170". APTT titre 40 - W I.UVmg. TT 
titre 18 - 30 I.U7mg. The fractions of low molecular weight fucan sulfate having sulfur content conprised between 14 
and 1S%. fucose 44 - 56%. uronic adds 2-3.5%. spedfic rotation between -160- and -170-. molecular weight 17.TO0 - 
25 000 Da. APTT titre comprised between 60 and 80 I.U7mg and TT titre between 23 and 30 I.U7m.g. are preferred^ 

It has to be noted that the compounds of the present invention show the following differences versus those of the 
prior art : 

- the thrombin time is from 1 .5 to 2.5 times higher compared to the low molecular weight fucan fradions disdosed in 

thepaperofT.NishinoetAliiCarbohyd. Res. 186. 119 1989 (see above). ^ . „^rto-»-r7 

. APTT activity and sulfur content is higher than the corresponding of the substances disclosed in EP 403.377. 

A further object of the invention is the use of said compounds as medicantents. in particular as anticoagulant and 

antithromtxjtic agents. ^ j ,. ■ ^u^,.^Ma,i 

Anticoagulant activity was demonstrated as APTT and TT activities according to the methods herein after reported. 
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APTT bioavailability versus heparin following subcutaneous administration was also investigated and found to be 
20% for the reference standard calcium heparin (APTT titre 186 1.U./mg) and, respectively, of 39 and 40% for prepara- 
tions V0264. A and V0264.B made according to the invention (see the examples). The daimed substances, compared 
on a weight basis to heparin, evidenced twice the biovailability of calcium heparin. Hence the anticoagulant activity in 
5 vivo of the new fucans dosed in APTT units is of the same order of that obtained after heparin calcium' administration. 

Antithrombotic activity was demonstrated in the venous stasis thrombosis experimental model referred herein after. 
On assaying preparation V0246.B at the dose of 10 mg/Kg no thrombus was formed; in the same experimental condi- 
tions the minimum dose of calcium heparin (reference standard) which prevented thromkxis formation was of 1 mg/Kg. 
I.e. only ten times lower. 

10 The analytical methods used for the characterization of the fucans were the following ones. 

Fucose determination was according to R.J.Wtnzler. Methods of Biochem.Anal.vol.2 294 1955, using as reference 
standard L (-) fucose. 

Uronic acid determination was according to TBitter, H.Muir Anal.Biochem.4 (1962) 330. using as reference stand- 
ard D(-) glucuronic acid. 

15 Sulfur was assayed according to the ICP-AES (Inductively Coupled Plasma-Atomic Emission Spectometry) tech- 
nique, using as the intemal standard cobalt nitrate hydrate Co(N03)2. 6H2O. dissolved at a concentration of 1000 mg/l 
in 0.5 M HNO3 (Merck catalogue n. 19785.0500), as a reference standard an aqueous solution containing a known 
quantity of sulfur (batch 302267E. C.A. 22831. Johnson f^tthey-ALFA). By tiie aids of two burettes filled, respectively, 
wftii the solution of the reference standard of sulfur (solution A) and of the internal standard (solution B). were prepared 

20 in 5 different 100 ml volumetric flasks 5 solutions with a sulfur concentration of 100. 80, 60. 40 and 20 mg/l. by adding 
the fbllowing aliquots of solution A: 10 ml; 8 ml; 6 ml; 4 ml; 2 ml. In each volumetric flask was tfien added 0.8 ml of solu- 
tion B. The five solutions were then brought to volume with distilled water. 

The solution of the sample witii the unknown sulfur content was prepared by weighing in a 100 ml volumetric flask 
about 60 mg. About 50 ml of distilled water were then added and mixing was effected until a clear solution was obtained. 

25 Before making up to volume with distilled water 0.8 ml of solution B were poured into the volumetric flask. 

Determination of sulfur content in the sarriples was made by reporting on the calibration line obtained with the 
standard solutions, which has in abscissas the sulfur concentration in mg/l and on tine ordinates the ratio between the 
intensity of sulfur emission, assayed at the wavelength of 182.037 nm. and that of the internal standard (cobalt), 
assayed at the wavelength of 222.616 nm. the reading oljtained wiht the sample with unknown titre. 

30 Molecular weight was determined by gel permeation chromatrography (GPC) performed on two columns con- 
nected in series. Supeico Progel TSK-G 4000 SW® and Supeico Progel TSK-G 3000 SW® having dimensions 30 cm 
X 7.5 mm (witii a precdumn progel TSK-SW® of dimensions 7.5 cm x 7.5 mm) with refractive index detector. The buffer 
was 0.2 M sodium sulfate in water (28.4 g in 1000 ml). Flow rate was 0.5 ml/min and the injected volume of 50 microli- 
tres. Molecular weight standards used in the assay were the following: maltoheptaose mol.wt 1 153 g/mole (Sigma® 

35 code n. M-7753). Dexlran T-10 (Pharmacia Biotech® code n. 17-0250-01) mol.wt. lO.OOO(M^), Dextran T-40 (Pharma- 
cia Biotech® code n. 17-0270^1) mol. wt. 40.000 (M^), Dextran T-70 (Pharmacia Biotech® code n.17-0280-01) 
mol.wt. 69.100 (M^). Dextran T-500 (Pharmacia Biotech® code n. 17-0320-01) mol.wt460.500 (M J. 50 mg of each of 
the above coirpounds and of the sample were weighed in a 5 ml volumetric flask and dissolved in the elution solvent. 
The resulting solution was then brought to volume and filtered on a Millipore® membrane with pores of 0.22 iim. Call- 

40 bration was effected starting from tine solution with the highest molecular weight. Injection was repeated three times tak- 
ing the average retention time. The sample was injected at the end and the corresponding retention t&ne determined. 

In this way a calibration line is made wherein It is then reported the average retention time obtained injecting the 
sample. 

The average molecular weight (M) and the retention time (t) are related by the equation 
45 log M a At ^ + Bt ^ + Ct + D . From the retention time of tiie fucan sulfite sample by using the calibration line it was then 
determined, by the aid of a software program, the average molecular weight of the sample. 

Specific rotation was determined on a Peridn Elmer mod. 241 polarimeter. at the temperature of 20*C at the sodium 
D line. 

APTT titre. expressed as I.U/mg, was determined according to U.S. Pharmacopeia XXlM-1995 (rif. heparin sodium. 

50 page 737) using the Kit Hemodiagnostica Stago® artn. 26551 and mutton plasma (DITTA Glo. Ros, Vercelli). Refer- 
ence heparin was the international standard III (NIBSC - London). In tiie tests herebelow described were used the 
fucan sulfate preparations V0264.B and V0264.A and. as the reference compound, calcium heparin manufactured by 
the applicant (batch n.9. APTT titre 186 1.U./mg). 

APTT activity biovailability of the preparations was determined by divkiing the value of anticoagulant activity 

55 assayed after sulKxitaneous administration by that assayed for the same compound after intravenous administration. In 
both cases said values of activity had been calculated as the areas under the curve, obtained by plotting for each 
administration route APTT time (in the ordinates) against the times at which Wood samples were taken from the animals o . 
(in abscissas). APTT tests were pertbrmed according to the instructions given in the package insert of the diagnostic 
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kit above mentioned. 

Delivery by subcutaneous administration was effected by dissolving in a physiologic solution the fu^ns of the 
invention at a concentration of 20 mg/0.2 ml. For calcium heparin a concentration of 4 mg«J.2 ml was used For ea^ of 
the conwounds under test 4 rabbits (New Zealand White rabbits - Allevamento del Verbano di Conelli. Arona - Italy) 
were used Administration by subcutaneous route was eHected by injecting 0.2 ml/Kg of the above solutions in one point 
of the back of the animals previously shaved. Blood (2 ml) vras taken from the marginal vein of the ear in basal condi- 
tions (time 0). then after 30 minutes, aftenwards at 1 hour's intervals, continuing up to a total of 8 hours counted from 
the start of the experiment As plasma anticoagulant agent a 3.8% sodium citrate solution was used, admixed with 
blood in a proportion 1 part citrate: 9 parts of Wood. In fig. 1 the cun/es given by each of the tested compounds are iden- 
tified by the following symbols: preparation V0264.B : +. preparation V0264.A : • : calcium heparin : -. Experimental 
points of each curve were the average of four data. Activity was calculated from the area between each cun/e and We 
reference (dotted) line. The reference line, as seen from the figure, was parallel to abscissas and intersected the ordi- 
nates axis in the point corresponding to APTT basal value. Rgure 1 evidences that the bioavailability of the compounds 
of the invention had been systematically underestimated, as the areas thereto at the point corresponding to the ttme of 
the last Wood sampling are not closed on the reference line. . ^ ^ ^ 

For assaying activity fbltowing intravenous administration were prepared solutions of the here above mentioned 
fucans at a concentration of 5 mg/ml. and for heparin at a concentration of 1 mgMil. Each of said 8olutiot« was ttien 
injected (volume 1 ml/Kg) into the marginal vein of the ear of rabbits (n. 4 animals). Blood samples (volume 2 n^ added 
of an aliquot of the 3.8% sodium citrate solution in the same proportions here above referred to) were taken from the 
marginal vein of the other 6ar. in basal conditions and respectively at 2.5.10.15.20.30.60.90.120 minutes, then after- 
wards regularly at one hour's intervals. Plotting in a graph APTT values against time of Wood sampling were obtained 
the cun/es of fig. 2. The areas were calculated in the same way as tormeriy here above detailed. The meaning of the 
symbols featured on each of the three cun/es of fig. 2 is the same as those of fig. 1. . , ^ ^ 

Biovailabllity of the test compounds was dravm from the area under the cun/e obtained, respectively, from the graph 
relevant to subcutaneous administration and that to intravenous administration, by applying the foOowing formula: 

Area under curve suncmaneousadminispation X 100 
Area urxier curve intravamusadministmtion X * 

Thrombin time (TT) expressed as I.U./mg. was determined by means of the Kit HemodiagnosfiM Stago® art^^ 
1 26594. The test was carried out according to the same procedure reported in the U.S Phamiacopeia for the APTTtesl. 

The experimental model of thrombosis from venous stasis was performed basically according to the following 
papeis: P.Bacher et Alii The thrombolytic potency of LMW heparin compared to urokinase in a r^it jugular vein lysine 
model - Thromb.Res.66.1S1-1S8 1992: 1. Beyers et alii "Stasis-induced venous thrombosis- in Standardisation of m- 
mal models of thrombosis. 17th Angiological Symposium Kitzbuhel - Proceedings K Bredcfin. ^ 2mme[;;«"n-^K. 
Schattiner editors. Stuttgart 1983. pages 99-104; I.Reyers et Alii "Failure at different doses of aspinn to modijr expen- 
mental thrombosis in rats" Throirt).Res.18. 669-674. 1980. In a physiologic solution (volume 10 ml) were d'^olved. 
respectively, the following compounds: calcium heparin (tot 9. manufactured by Crinos) at a concentrafton of 2 mg/rnl 
and fucan sulfate preparation n. V0264.B at a concentration of 10 mg/ml. The animals (New Zealand vyfttite rabbrts All- 
evamento del Verbano di Conelli. Arona - Italy), were divided into 3 groups (4 rabbits/group) and after a'^f'a under- 
went tracheotomy with following intubation. The tissues surrounding the right jugular vein were then ^^^V}^^ 
for an overall length of 3 cm distally a ligature was effected to reduce Wood flow. After 10 minutes an i.v. bolus of 1 ml/kg 
was administered through the ear marginal vein according to the following scheme: 

control group: physiologic solution, 
heparin-treated group: 2 mg/Kg. 
V0264.B treated-group: 10 mg/kg. 

5 minutes after the injection, uphni the ligature a cun/ed hemostatic pincers was applied on the vein in order to produce 
an endothelial lesion of 2 cm length. Immediately after, distally was applied a second pincers for stopping c(m»\ei^ 
Wood flow. The cun/ed hemostatic pincers was dislodged after 30 minutes. After 60 minutes the sam^was made for Je 
second pincers. The ligature was instead left n the vein. The thrombus was recovered two hours after the start of^e 
experiment corresponding to one hour after the time when the second pincer had beenremoved. «^~'"'^f^^ 
dried in an oven at 80-C for 24 hours and weighed. Said experimental model of thrombosis represents q"rte ^ tosdy 
what happens in real thrombosis pathology. In said model venous stenosis does "^Vre^ cotrv^e^eiv SSZi '7*" 
the vessel anatogously to what happens in vivo when thrombus is formed, ft is noted that in the ^^^"^ *® 
removal of the second pincers throntbus may still grow since the initial stenosis, as said, altows some Wood toftow. 
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A further object of this invention is a process to obtain the new low molecular weight polymers that comprises of 
the following steps: 

a. extraction of the grounded and dried powder of algae with water at boiling or nearby (92 - 100'*C) temperatures 
5 under stirring for 16 hours. This step is known already from the paper of W,A,R Black et Alii "Manufacture of algal 

chemicals IV. Laboratory scale isolation of fucoidin from brown marine algae "J.Sd.F=bod Agric.3 1952 pages 122 - 
129; 

b. Filtration of the proceeding suspension. pH adjustment of the filtrate to a value within 2 and 2.5. At this point a 
precipitate constituted of a portion of the alginates that are contained in the extracted mass was formed. SakJ jelly- 

10 like solid was separated from the supernatant by filtration and the filtrate pH is adjusted to neutrality: 

c. the supernatant solution was then concentrated to about 1/4-1/5 of the starting volume in an ultrafiltration appa- 
ratus equipped with a membrane having a cut-off of 100.000 Da. In the same equipment the retentate was then 
dialyzed against 3 volumes of water and at the end it could be concentrated, if necessary, in order to reduce the 
final volume; 

15 d. the raw extract was recovered from the retentate solution obtained at the end of the preceding step by precipita- 
tion after previous salting and subsequent addition of two volumes of ethanol or acetone; 

e. the raw extract was then dissolved in an aqueous solution and the degradation and contenporary depolymeri- 
zation of the compound was then effected in the presence of an inorganic cupric salt and hydrogen peroxide at a 
temperature of 55*C. By means of preliminary laboratory tests it was determined the reaction time needed in order 

so to obtain a fucan having a molecular weight comprised between 14000 and 29000. The ratio, as percentage by 
weight between the cupric ion and the raw extract was of 1 .3% and the ratio between the volume (ml) of hydrogen 
peroxide solution 8% w/v and the weight (g) of raw extract was comprised between 5,5 and 36. The pH during the 
step was comprised between 6,0 and 7,5. (ref. U.S. patent B 408030 and in the paper of N.Volpi: "Analytical tech- 
niques for studying structures of dermatan sulfate and low molecular weight heparin - Dermatan suHate" II Far- 

25 maco, 47 (supplement to n.5) 841 - 853 1992): 

f. at the end of the reaction the solution was filtered, a salt was added and precipitation of the solute was effected 
by adding two volumes of ethanol. The solute was then dehydrated and dried, recovering the corresponcGng mixed 
salt of sodium and copper II of the products according to the invention; 

g. the compounds were then converted into the corresponding sodium salts by ion exchange treatment with a Na* 
30 resin. At this purpose the substances were dissolved in water at a concentration conprtsed between 5 and 7% and 

the resulting solution can be cfiarged on a column containing the resvi or can be added with the resin and thereof 
suspension stirred for the time needed the cation exchange to occur. The process could be monitored by means of 
a copper ion selective electrode. The ratio by volume between the bed resin and the solution varied from 1/2 to 2/3. 

h. At the end filtration of the solution was effected, pH adjusted to a value witiiin 6.0 ar«J 6.5, salt was added to the 
35 solution and the confounds of the invention were precipitated by mixing with two volumes of etiianol, ttien recov- 
ering the sodium salt of the f ucans according to the invention. 

A further object of this invention is the raw extract obtainable from brown algae or Pheophycee by steps a. - d. of 
the above process and characterized by the following chemical, physico chemical and pharmacologicar parameters 
40 (data on a dry weight basis): sulfur 6 -8%, fucose 31 - 36%. uronic acids 23 - 27%. molecular weight 450.000 - 800.000. 
APTT40-60 I.U./mg. 

With the process of the Invention It is possitrie to depolymerize the raw extract oljtained after extraction from the 
vegetal material and removal of the alginates by acid precipitation. It is hence not needed the Isolation of a more purified 
high molecular weight fucan as it happens according to the process disclosed in EF^ 403.377. 
45 The applicant has shown (Example 6) that by depolymerizing a purified fucan having a molecular weight of 652.000 
(APTT titre 67.5). obtained from the raw extract V0246.B. by means of sodium acetate/hydrogen peroxide for 24 hours, 
i.e. in the same conditions by which from the same raw extract are obtained preparations V0264.A and V0264.B (ref. 
examples 7 and 9 respectively), the low molecular weight (8800 Da) polymer that at tfie end was isolated had a very 
reduced phamnacok>gic activity (APTT titre 22.1 I.U7mg) compared to the preparations of this invention. This means 
50 that from a pure high molecular weight fucan cannot be obtained the products of the invention. 

Worth noting is that the depdymerization methods available in the state of the art give different compounds when 
the raw extract isolated according to steps a) - d) of the process of the invention is therein used as starting material. By 
depolymerizing the raw extract in acidic conditions (pH 2.2 at 60**C for 16 hours - ref. ex. 4) are obtained compounds 
containing a quantity of uronic adds higher than that of fucose. By depolymerizing the raw extract by gamma radiation 
55 (ref. ex. 5). were isolated compounds with a very low sulfur content and containing a large amount of degradation prod- 
ucts. The compounds of the invention can be obtained only by lowering the molecular weight of the intermediate, pcod -^ 
uct in the presence of an inorganic cupric salt and of hydrogen peroxide (ex. 7). 



A further object of this invention are the dosage forms or formulations containing as the active principle the low 
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molecular weight fucans of the present invention. The latter can be used also in the form of their pharmacologically 
acceptable salts. Said formulations can be both for parenteral and oral administration. 

Formulations for topical use (ref. ex. 16) may be also for non-pharmaceutical uses and have suitable composition 

for such a purpose. . ^ ■ t. a- 

Dosage forms for parenteral use may be sterile apyrogenetic solutions in sealed ampoules, or otherwise liophyli- 
zates contained in sealed bottles to be dissolved extemporarily in aqueous sterile solvents. As aqueous solvents can 
be used isotonic solutions made with conventional buffers (citrate, phosphates and the like) together with known pre- 
servatives Oral formulations can be available in the form of tablets, coated tablets, gelatin capsules and granules. 

Said dosage forms can be prepared according to known techniques. For instance, for that it concerns in particular 
oral dosage forms, they can be prepared with the usual techniques, for instance by direct compression of powders or 
granulates and may indude binders, lubricants and disaggregating agents. 

Dosage fomis for parenteral administration may contain from 1 to 90 mg/ml of the active principle (for liophylizates 
the preceding figures must be referred to the final concentration of the compound in the sterile solvent), those for oral 
administration from 20 to 400 mg/unit dose. . 

Conpositions for local topical use can be in the form of gels, creams, ointments, solutions containing from 0.1 to 
20% by weight of the active prnictpte. 

Analytical data given in the foDowing examples are calculated on dry weight basis. 

The following exanples are given for a better understanding of the invention and should not be consKlered to be a 
limitation thereof. 

Extraction of the raw fucan sulfate preparation n.V0246. A 

1 kg of Fucus vesiculous dry powder was suspended under stirring in 7 litres of distilled water in a reaction vessel 
of 1 5 litres equipped with a refrigerator. When the suspension was ready (about 15 minutes), at 100 "C for 16 hours on 
an oil bath heating was performed. The suspension was then cooled at 40'C and centrifuged at 3000 r.p.m for 20 min- 
utes by using n. 4 1 -litre centrifuging large test tubes. The jelly-like solid that remained at the bottom of said large test 
tubes was again suspended in water at the temperature of 60»C under stimng for about 15 minutes. Centrifuging was 
effected again and then to the opalescent supernatant 200 mg of Clarcel FLO/MA® (grounded calaned perhte was 
added Upon filtration 6.3 litres were recovered and were added of 50 ml of HCI 37% in order to lower pH at a >ra^ue of 
about 2.1 . Centrifoging was effected again and the jelly-like solid (weight 44.4 g - preparation code 019S«5005-D - 
sulfur 0.7%. uronic acids 51%) vras discarded and the supernatant brought to a neutral pH by adding a NaOH 30 A> sx*u- 
tion Concentration was then effected maintaining a constant volume of 1 .5 litres in an ultrafiltration apparatus Amicon 
CH2-A equipped with a 100.000 Dalton mol. wt. cut-off membrane. After the concentration step the solution was dia- 
lyzed on the same membrane, against 3 volumes of distilled water. The retentate (1 .6 litres) vwas added of 1 12 g (7% 
w/v) of anhydrous sodium acetate and then stirred until an homogeneous solution was obtained. The solute was pre- 
cipitated with 2 volumes of ethand. After decanting overnight the solid was dehydrated and dned. 79.68 g were at Vie 
end collected (yield about 8%) of a compound (preparation n.V0246.A) having the following analytical data on a dry 
weight basis: sulfur 6.5%. fucose 31 .7%. uronic acids 23.8%. molecular weight 493.000 Da. APTTtitre 53.4 l.uymg. TT 
tib-e 18.2 I.U7mg. 



45 Extraction of the raw fucan sulfate preparation n.V0246.B. 

In a 300 litre reaction vessel were poured 1 75 litres of distilled water. 25 Kg of Fucus vesiculosus dry powder were 
added and steam-jacket heating was effected in order to reach and maintain the temperature of 92»C for 16 hours. At 
the end the temperature was lowered at 30»C and 5 Kg of Oarcel FLCVMA® were added. RItering was performed on a 
finer press apparatus equipped with Seitz K 800® ceBulose filters. The filtrate was collected and the solid was dispersed 
in water (20 liti-es) at 60-C under stimng. that aftenwards was maintained for 1 hour. Filtering was effected again on 
Seitz K 800® filters and the firtrates were then unHed. yielding 220 litres as a whole. The solution was transferred mto 
a reaction vessel. 5.5 kg of Clarcel CBR® (grounded calcined diatomite) were added, then cooled at 25 - 30 C and 
precipitation was eHected by lowering pH to 2 by addition of at)out 1 .5 IHres of HCI 37%. Stirring was " '^siirned f d 
continued for 1 5 minutes and the slurry filtered on Seitz K 800® filters. The filter cakes were then washed with 20 litres 
of an acidic solution (pH 2) and the liquids collected at the end were in an overall volume of 220 >itr^- Jhe ^lution was 
then charged into an uKrafntration AHa Laval® apparatus equipped with a mol. wt cut-off 100.000 Millipore'" cartndge 
At first the solution was concentrated to reduce the volume to 50 litres, then dialyzed at a constant volume against 3 
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volumes of water. When the step was over the solution volume was further reduced to 25 -30 litres. The solution was 
discharged from the apparatus, salted with NaCI up to a concentration of 2% w/v and 2 volumes of acetone were added. 
The resulting formed suspension was allowed to decant and then the precipitate was recovered, dehydrated, grounded 
and dried. 1665 g of raw extract batch n.V0246.B (yield 6.7%) were then collected. Thereof analytical data on a dry 
5 weight basis were the following: sulfur 7.1%. fucose 32.0%. uronic acids 25.0%. molecular weigh 800.000 Da. APTT 
titre 55 1.U./mg. 

Example 3 

10 Extraction of the raw fucan suHate preparation n. V0246.C. 

The experimental procedure of the preceding example was repeated starting from 25 Kg of another batch of Fucus 
vesiculosus. pH of the intermediate precipitation in this case was of 2.5. 2100 g (yield 8,4%) of preparation V0246.C 
were obtained, characterized by the following analytical data: sulfur 7.6%. fucose 35.8%. uronic adds 26.1%, molecular 
15 weight 470,000 Da. APTT titre 44 I.U./mg. 

Example 4 

Depolymerizatton in acidic conditions of the raw fucan sulfate preparation V0246.B. 

20 

5 g of V0246.B were dissolved in 500 ml of distilled water in a 1 I volumetric flask, connected to a refrigerator. 10 
ml of HC1 1 N were added in order to lower pH to 2,2 and heating was effected in an oil bath at 60**C for 16 hours. M 
the end the solution was cooled. pH was conrected to 7 with a fvlaOH solution. The liquid was dialyzed In an Amicon® 
CH2-A ultrafiltration equipment at a constant volume, in three consecutive steps, against 5 volumes of distilled water 
25 each tima In the first phase (step A) the dialysis membrane used had a 3000 Da mol.wt. cut-off. In the second (step B) 
the membrane had a 10.000 Da mol.wL cut-off and in the third (step C) of 100.000 Da. The solutes of the permeates 
of step A, B and C were precipitated after concentration of the solutions by evaporation under reduced pressure and 
salting with NaCI up to a salt concentration 2% wA/ and following addition of two volumes of acetone. Three different 
fractions were thus collected each weighing, respectively. 57 mg (preparation 01 95/95026- A), 6.5 mg (preparation 
30 0195/95026-B). that was afterwards discarded, and 496 mg (preparation 0195/95026-C). 

Uronic acids and fucose analysis gave the following results: preparation 0195^5026-A uronic acids 38.0%. fucose 
8.9%; preparation 0195/95026-C uronic adds 20.1%. fucose 21 .2%. 

The retentate coming from the last dialysis step (step C) was salted witii NaCI up to a salt concentration 2% w/v 
and the solute predpitated with 2 volumes of acetone. 2,4 g (preparation 0195/95026-D) were obtained which con- 
35 tained 32.5% of uronic adds and 1 6.25% of fucose. 

Example 5 

Gamma ray depolymerization of the raw extract V0246.B 

40 

1 .5 g of the raw extract were dissolved in a 1 50 ml volumetric flask in phosphate buffer 0.1 M pH 7. bringing to vol- 
ume after the substance had dissolved. Said solution was then distributed in n. 5 30 mt vials, that were then hermetically 
sealed and sent to tine firm Qammaton (Quanzate - Como) for ttie gamma ray treatment, n. 2 vials were treated with a 
2.5 Mrad gamma radiation and tine other two with 20 Mrad. For each of the two treated samples one vial was taken and 

45 added of NaCI up to a concentration 2% and the solute precipitated with two volumes of acetone. 

From the solution treated with 2.5 Mrad were obtained 460 mg of a compound (preparation 0195/96041-A) having 
a phosphate titre of 51% w/w of the substance. The weight of the contained raw extract was hence of 225 nig. with a 
yield of 75% calculated on tiie starting raw extract, /^alytical data calculated on ttie pure compound were as it follows: 
sulfur: 5.1%; uronic adds 16.1%. fucose 19.3%. molecular weight 38.500 Da. 

so The weight of the product recovered from the solution treated with 20 Mrad gamma radiation (prep. 01 95/96041 -D) 
was off 21 1 mg witii a phosphate content off 71% w/W off the substance. As a consequence of that the real weight of the 
contained raw extract was of 61 .2 mg (yield of 20% on tiie starting raw extract). The analytical data were as it follows 
(ref. to the pure compound): sulfur 5.55% uronic adds 3.38%. fucose 5.79%. molecular weight 5600 Da. 

55 
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Preparation of a purified high moleojlar weight fucan sulfate (preparation n.V0248. A) and following depolymerization 
for 24 hours in copper acetate in the presence of hydrogen peroxide (preparation V0269. A) 

200 g of raw extract preparation n.VO 246.B were dissolved in 10 litres of water. 200 g of NaCI were then added 
and stirring was effected until an homogeneous solution was obtained. 7.5 litres (0.75 volumes) of acrtone vwre added 
and then left overnight. The precipitate was collected and after dehydration and drying were obtained 126.5 g. To the 
supernatant were then added 12.5 litres of acetone (2 volumes of the solvent as a whole), recovenng 68.3 g of purified 
fucan sulfate (preparation n. V0248.A) having the following analytical profile: sulfur 8.9%. fucose 48.5%. uronic acids 
9.7%. molecular weight 652.000 Da. specific rotation - 1 12.8'. APTT titre 67.5 1.U./mg. 

10 g of the compound obtained were dissolved in 200 ml of distilled water. The solution was transferred into a ves- 
sel and then heating by means of an oil bath at 55'C was effected under stirring. 400 mg of cuprtc acetate monohydrate 
were added and after solution pH was corrected to 7.5 by means of a few drops of 1 N tMaOH. ^ „ 

By means of a peristaltic pump the 8% w/V hydrogen peroxide solution at a flow rate of 2.3 ml/h was added. Reac- 
tion time was of 24 hours and pH between 6.0 and 6.5 (overall volume added of hydrogen peroxide: 55 ml). Filtration 
was then effected on Seitz K 800® filters, recovering 400 ml of a clear solution, which was added of 28 g of anhydrous 
sodium acetate and then of two volumes of ethanol. The gummy-like precipitate was dissolved into 70 ml ofdistilled 
water, to which were added 30 ml of AmberWe® IRC 718 resin (Na* form) and left for 6 hours under stimng^ The solu- 
tion at the end appeared colorless - slightly opalescent, and it was filtered on a sintered glass fflter after additon of 10 
g of Clarcel CBR®. pH was brought to 6.5 by addition of some drops of glacial acetic acid, the solution was thensalted 
with anhydrous sodium acetate up to a concentration 7% w/v and the solute precipitated with *w volumes of ett«^. 
After dehydration and drying were recovered 2.90 g of the depolymerized product (preparation VO 269.A - yield 29%) 
containing 12.9% of suHur. fucose 53.2%. uronic acids 2.5%. molecular weight 8.800 Da. specific rotation - 14.8». APTT 
25 titre 22.1 I.U./mg. 

Example 7 

Depolymerization of the raw extract V0246.B with copper salts for different times to yield prepaiafions VO260.A. 
30 VO264.Aand0195/96044-C. 

50 a of V0246.B were dissolved in 1 litre of water. The solution was heated at the temperature of 55»C a™" 2 g of 
copper acetate monohydrate were added, adjusting pH to 7.5 with NaOH 1 N. At this stege^by means of a penstelftc 
pump calibrated on a flow rate of 46 mWh. an 8% w/v solution of hydrogen peroxide was added, maintaning pH be^ween 
6 arid 6.5 by means of UaOH 30% solution. After 6 hours 1/3 (425 ml) by volume of the solution w^taten out. saHed 
with anhydrous sodium acetate up to a concentration 5% w/v and 2 volumes of etharid were addad^^epreafM^a 
thus obtained (9 g) was dissolved in water to a concentration 5% w/v (180 ml) and applied to a column filled wrth rean 
Amberiite® IRC 718 (Na* form), having a bed of about half the volume of the water used to dissolve the ^esiduejhe 
flow rate was of 40 mim. The column eluate was salted with anhydrous sodium acetate and precipitation was aftenra <te 
effected with ethanol accoreling to the procedure here above reported already. 7.0 g (yiakJ 42^ot a P^f«^;^tion bat^ 
n VO260.A were obtained, having the following analytical features: sulfur 9.9%. fucose 38.3%. uronic acids 15.1%. 
molecular weight 88.500 Da. specific rotation - 1 19.6». APTT titre 58.1 I.U./hig. TT titre 14.8 1.U7mg. 

After24hourthesolutionvolumewasof2litres. 1 litre was taken out and unden^rent to the same steps here above 
desaibed by which preparation VO260.A. was obtained, yielding 2.6 g (yield 15.6%) of preparationbatch nWO 2W_A 
having 14.5% of sulfur, fucose 56.2%. uronic acWs 2.3%. molecular weight 22.500 Da. specific rotation - 1650. APTT 
tife 74.9 1.U./mg.TT titre 23 1.U./mg. _> ^ . 

On a further aliquot of the remaining depolymerization solution, addition of hydrogen peroxide went on for further 
24 hours (total depolymerization time 48 hours). At the end the solution was processed as the two aliquots hereabwe 
mentioned, wherein in this case solution pH was adjusted to 6.7. by means of concentrated acetic acid^ immediately 
before ettianol precipitation. 1 g (yield 6.2%) of the preparation batch n.01^«6044-Cwjeobte«ne^^^^ 
was characterized by ttie following analytical parameters: sulfur 15%. molecular weight 9.700 Da. APTT titre 23.6 
I.U7mg. TT titre 6.7 I.U7mg. 
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Examples 

Depolymerization for 6 hours of the raw fucan preparation V0246.C and isolation of the preparation VO260.C. 

200 g of the confound were dissolved in 4 litres of distilled water. According to a preliminary test performed con- 
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fbrmingly to the method disclosed in preceding example 6, it was assessed that the reaction time was of 6 hours. The 
solution was heated at 55^*0 and under agitation were added 8 g of copper acetate monohydrate. pH was adjusted to 
7.5 by addition of about 8 ml of NaOH 30% solution. At this point an hydrogen peroxide solution 8% w/v was added with 
a flow rale of about 183.3 ml/h (1.1 litres as a whole). During the reaction pH was maintained at a value between 6.5 

5 and 7.0 by suitable addition of small quantities of NaOH 30% solution. At the end sodium acetate trrhydrate was added 
to the solution up to a concentration of 1 1% w/v. and aftenwards two volumes of ethanol. The precipitate was collected, 
dehydrated and dried. 79 g of a solid were thus colleaed. that aften^rards were dissolved in 1 .2 litres of distilled water. 
Centrifuging at 3000 r.p.m. was then effected in order to clear away at least in part the turbidity of the solution. 800 ml 
of Amberlite® IRC 718 (Na* form) was added and the slurry was left under stimng overnight. The solution was recov- 

10 ered and the resin washed with two volumes of distilled water. Filtration was then effected on a buckner funnel, on which 
were formerly layered 1 5 g of Glared CBR®, obtaining a dear solution which volume was of about 2.8 litres and pH of 
8.9. pH was then adjusted to 6.5 by addition of a few drops of glacial acetic acid. Aftenwards anhydrous sodium acetate 
was added up to a concentration of 7% w/v and precipitation was effected by adding two volumes of ethanol. After dehy- 
dration and drying 60.1 g (yield 30,1%) of preparation VO260.C were obtained, having the following analytical profile: 

15 sulfur 12.6%. fucose 47%. uronic acids 8.1%. molecular weight 29.000 Da. specific rotation - 138.2<», APTT titre 49.6 
I.U7mg. TT titre 21 I.U./mg. 

Example 9 

20 Depolymerization of raw fucan sulfate preparation V0246.B with copper salts for 24 hours and isolation of preparation 
V0264.B. 

100 g of V0246.B were dissolved in 2 litres of water. According to a preliminary test performed confbrmingly to the 
method disclosed in preceding example 6. it was assessed that the reaction time was of 24 hours. 4 g of cupric acetate 

25 nrvsnohydrate were added. pH was corrected to 7.5 with NaOH 30% and then heated at 55''C. By means of a peristaltic 
pump a 8% wAf solution of hydrogen peroxide was added (flow rate 45.8 m!/h) keeping the pH between 6 and 6.5. After 
24 hours the quantity by volume of H2O2 solution added was of 1 100 ml. The final solution appeared very opalescent 
and it was centrifuged. The supernatant was added of artiydrous sodium acetate up to a concentration 7% w/v. The 
solute was precipitated with 2 volumes of ethanol. dehydrated and dried. 23.25 g were recovered that were dissolved 

30 in 400 ml of water. 260 ml of /Vmberlite® IRC 718 (Na+ form) resin were added and stirring was started and continued 
overnight. Rltration was then effected on a sintered funnel, washing aftenwards saki filter with 100 ml of distilled water. 
The filtrate pH was adjusted to 7 by adding acetic acid, anhydrous sodium acetate up to a 7% w/v concentration was 
added followed by two volumes of ethanol. After dehydration and drying 16.4 g of a solid (preparation V0264.B - yield 
16.4%) were obtained. The following analytical features were found: sulfur 14.3%. fucose 44.2%. uronic ackls 3.4%, 

35 molecular weight 1 7,500 Da, specific rotation - 1 68.6*. APTT titre 69.5 I.U./mg, TT titre 28 I.U7mg. 

Example 10 

Depolymerization with copper salts for 48 hours of the raw extract V0246.C and isolation of preparation V0267. A. 

40 

200 g of the raw extract were dissolved in 4 litres of distilled water. According to a preliminary test perldrmed con- 
formingly to the method disclosed in preceding example 6, it was formerly assessed that the reaction time was of 48 
hours. Heating at 55''C was effected and were then added, under stirring, 8 g of copper acetate monohydrate. pH was 
adjusted to 7.5 with about 8 ml of an NaOH 30% solution. At this stage a 8% w/v hydrogen peroxkle solution was added 

45 at a flow rate of 23 ml/h (1,1 litres as a whole). pH during reaction was maintained between 6.0 and 6.5 by adding a 
small quantity of NaOH 30% solution. After 48 hours filtration was performed by using Seitz K 800® filters. Sodium ace- 
tate trihydrate was added up to a concentration of 1 1% w/v and the solute was then precipitated by adding two volumes 
of ethanol. The gummy-like rescue was dehydrated and dried yielding 57.5 g. It was redissolved in 900 ml of distilled 
water and 600 ml of Ambertite® IRC 718 resin (Na+ form) were added. The slun-y was left under stirring ovemight Fil- 

50 tratton was made by means of a sintered funnel and the resulting solution was filtered again through the same funnel 
on which a bed of Clarcel CBR® has formerly layered. pH was adijusted to 6.5 by addition of a few drops of concentrated 
acetic add. anhydrous sodium acetate was added to give 7% w/v concentration and the solute prectprtated with two vol- 
umes of ethanol. The solid (preparation V0267.A) was collected, dehydrated and dried giving g 42.8 (yield 21.4% on 
the raw extract). /Vnalysis of the compound gave the following results: sulfur 14.2%. fucose 49.8%. uronic acids 5.3%, 

55 molecular weight 14.700 Da. specific rotation - 139.6^, APTT titre 45 I.UVmg. TT titre 19 I.U./mg. 
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Example 11 

Depolymerlzation of raw fucan sulfate V0246.A for 18 hours and isolation of compound V0246.A/1. 

5 50 g of the compound V0246. A were dissolved in water. According to a preliminary test performed conformingly to 

the method disclosed in preceding example 6. it was assessed that the reaction time was of 18 hours. pH during the 
reaction was maintained between 7.0 and 7.5 by addition of small amounts of a NaOH 30% solution. It was then fol- 
lowed the procedure of example 6, by adding the same quantities of copper acetate and of hydrogen peroxide solution 
8% w/v (overall volume added 2775 ml). 1 1 .5 g of a compound (V0246.A/1) having the following analytical profile were 

10 obtained: sulfur 14.8%. fucose 49.3%. uronic acids 2.1%. molecular weight 25.000 Da. specific rotation - 162«. APTT 

titre 27 I.U./mg. . , 

In the examples 12-15 here below reported, which disclose formulations both for pharmaceutical uses and non. 
by the expression "low mol.wt.fucan sulfate-* is meant a preparation of fucan sulfate falfing within the instant limits of this 
invention. 

75 

gxample12 



Formulation for subcufaneous administra- 


tion 




low moL wt. fucan sulfate 


20 mg 


btdistilled water 


0.2 ml 



25 

Example 13 



Formulation for i.v. administration 


low mol. wt. fucan sulfate 
bidistilled water 


80 mg 
4mg 



35 

Example 14 



Preparation for oral use (tat^let) 


low mol.wt. fucan sulfate 


180 mg 


mann'itol 


300 mg 


saccharose 


240 mg 


polyvinylpyrrolidone 


14 mg 


magnesium stearate 


9mg 
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Example 15 

Composition for local topical use 

5 



Gel 


low mol.wt.fucan sulfate 


I2g 


isopropanol 


25 g 


1.2propylenglycol 


0.7 g 


triethanolamine 


1.2 g 


cart>opol 


1.1 g 


perfumes and bidistilled water enough to 


100 g 



Cream 


low mol.wt.fucan sulfate 


18g 


polyoxyethylengtycol stearate 


iig 


cetytstearyl alcohol 


14g 


propylenglycd 


9g 


perfumes, preservatives and bistilled water enough to 


100 g 



Aqueous lotion 


low moLwt.fucan suKate 


7g 


glycerine 


7g 


ethyl alcohol 


10 ml 


perfumes, presen/atives and bidistilled water enough to 


100 g 



45 Example 16 

Other formulations for topical use 

so 



Aqueous lotion for cosmetic use 


low moLwt.fucan sulfate 


0.5-5g 


propylene glycol 


1.5 g 


ethyl alcohol 


15 ml 


perfumes, preservatives and bistilled water enough to 


100 g 
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Emulsion with detergent activity 


low mol.wt.fucan sulfate 


4g 


PEG 15 glyceryl ricinoteate 


14g 


polysorbate 21 


7g 


almond oil 


3g 


perfumes and bidistilled water enough to 


100 g 



Claims 

1 . Fucan sulfates with low molecular weight obtainable Irom brown algae or Pheophycee having a significant antico- 
agulant activity both as APTT activity/global mechanism of coagulation and as antithrombinic activity, and besides 
of a significant antithrombotic activity, characterized by the following chemical, physico-chemical and pharmacolog- 
ical parameters (data on a dry weight basis): sulfur: 12.S-1S%. fucose 43-57%. uronic acids 2-9%. molecular 
weight 14000-29000 Da. specific rotation from -130« to -170". APTTtitre 40-80 I.U./mg. TT titre 18-30 I.U./mg. 

2 Fucan sufetes according to daim 1 characterized by the foHowing chemical. F»nysico-chemical and pharmacologi- 
cal parameters (data on a dry basis): sulfur 14-15%, fucose 44-56%. uronic acids 2-3.5%. specific rotation from - 
160« to -1 70». molecular weight 1 7.000-25.000 Da, APTT titre 60-80 I.U./mg. TT titre 23-30 I.U7mg. 

3. Fucan sulfates according to claims 1 -2 obtained from Fucus vesiculosus. 



4. Fucans according to claim 1 -3 for use as medicaments. 

5. Use of fucans according to daim 4 for the preparation of drugs active as anticoagulants and as antithrombotics. 

6. Use according to claims wherein said drugs have a suitable composition for subcutaneous administration. 

7. Process for obtaining the fucans of claims 1 -4 comprising the following steps: 

a. extraction of the grounded and dried powder of algae with water at boiling or nearby (92-100«C) tempera- 
tures under stirring for 16 hours. 

b. Filtration. pH adjustment of the filtrate to a value comprised between 2 and 2.5. separation of the precipitate 
from the supernatant by f Btration and pH adjustment of the supernatant to neutrality. 

c Concentration of the solution to about 1/4-1/5 of the starting volume in an ultrafiltration apparatus equipped 
with a membrane having a cut-off of 1 00.000 Da. subsequent dialysis against 3 volumes of water and. option- 
ally, concentration of the final solution. 

d. Recovery of the raw extract by predpitation after salting and addition of two volumes of ethanol or acetone 
to the solution obtained at the end of the preceding step. 

e Degradation and depolymerization of the raw extract in aqueous solution in the presence of an inorgarac 
cupric salt and 8% w/v hydrogen peroxide at a temperature of 55»C and of a pH between 6.0 and 7.5. for *»e 
time needed to obtain a conpound having molecular weight comprised between 14000 and 29000. being the 
weight ratiobetween the cupric ion and the raw extract of 1 .3% and the ratio between the ml of 8% of hydrogen 
peroxide used and the grams of raw extract comprised lietween 5.5 and 36. 

f. Filtration and salting of the solution, precipitation of the solute by adding two volumes of ethanol. 

g. Dissolution of the compound obtained in water and treatment with an ion exchange Na* resin. 
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h. Flltratioa pH adjustment to a value within 6.0 and 6.5. salting of the solution and precipitation of the com- 
pounds according to the invention by adding two volumes of ethanol. 

Raw extract obtainable from brown algae or Pheophycee by steps a. - d. of the process accordng to claim 7. char- 
acterized by the following chemical, physico chemical and pharmacological parameters (data on a dry weight 
basis): sulfur 6 -8%. fucose 31 - 36%, uronic acids 23 - 27%. molecular weight 450,000 - 800.000, APTT 40 - 60 
I.U./mg. 

Formulations according to claims 5-6 for the parenteral, oral and topical administration. 
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